


NOTICE

The program material contained herein is supplied without
representation or warranty of any kind. Hewlett-Packard
Company therefore assumes no responsibility and shall
have no liability, consequential or otherwise, of any kind
arising from the use of this program material or any part
thereof.



INTRODUCTION

This HP-41C Solutions book was written to help you get the most from your calculator. The programs were chosen to
provide useful calculations for many of the common problems encountered.

They will provide you with immediate capabilities in your everyday calculations and you will find them useful as guides to
programming techniques for writing your own customized software. The comments on each program listing describe the approach
used to reach the solution and help you follow the programmer’s logic as you become and expert on your HP calculator.

KEYING A PROGRAM INTO THE HP-41C

There are several things that you should keep in mind while you are keying in programs from the program listings provided
in this book. The output from the HP 82143A printer provides a convenient way of listing and an easily understood method of
keying in programs without showing every keystroke. This type of output is what appears in this handbook. Once you understand
the procedure for keying programs in from the printed listings, you will find this method simple and fast. Here is the procedure:

1. Atthe end of each program listing is a listing of status information required to properly execute that program. Included is
the SIZE allocation required. Before you begin keying in the program, press (XEQ] (ALPHA ] SIZE (aLPHA ] and specify the allo-
cation (three digits; e.g., 10 should be specified as 010).

Also included in the status information is the display format and status of flags important to the program. To ensure proper
execution, check to see that the display status of the HP-41C is set as specified and check to see that all applicable flags
are set or clear as specified.

2. Set the HP-41C to PRGM mode (press the key) and press [l (GT0) (=] (=] to prepare the calculator for the new
program.

3. Begin keying in the program. Following is a list of hints that will help you when you key in your programs from the program
listings in this handbook.

a. When you see “ (quote marks) around a character or group of characters in the program listing, those characters are
ALPHA. To key them in, simply press , key in the characters, then press again. So “SAMFLE "would
be keyed in as (ALPHA]“"SAMPLE" (ALPHA ],

b. The diamond in front of each LBL instruction is only a visual aid to help you locate labels in the program listings.
When you key in a program, ignore the diamond.

The printer indication of divide sign is /. When you see / in the program listing, press (£].

d. The printer indication of the multiply sign is % . When you see # in the program listing, press (X].

e. Thelcharacter in the program listing is an indication of the function. When you see I, press [l in
ALPHA mode (press @ and the K key).

f.  All operations requiring register addresses accept those addresses in these forms:
nn (a two-digit number)

IND nn (INDIRECT: B8 | followed fy a two-digit number)

X,Y,Z, T, orL (a STACK address: (<] followed by X, Y, Z, T, or L)
IND X, Y, Z, T or L (INDIRECT stack: @] followed by X, Y, Z, T, or L)

Indirect addresses are specified by pressing @ and then the indirect address. Stack addresses are specified by
pressing (<] followed by X, Y, Z, T, or L. Indirect stack addresses are specified by pressing @] and X, Y, Z, T, or L.

Printer Listing Keystrokes Display
@1+LBL *SAM @ (c8L) (APiA] SAMPLE 01 LBL” SAMPLE
P tHIS Is THIS IS A 02"THIS IS A
[ I e [ ALPHA ]- {APPEND] SAMPLE 037' I- SAMPLE
B3 THSANPLE @ AVEW 04 AVIEW
B4 AYIEW 6 056
85 &
o ENTERT 06 ENTER /
a7 -2 2 (CHs) 07 -2
gg ,F;B': ) 08 /
i@ 51‘6 IND ABS 09 ABS
Y11 vR3=- so )@ L 10 STO IND L
12 ch[ B3 R3= @ (ARc] 03 11"R3=
13 AVIEW @8 (aview) 12 ARCL 03
14 RTHN ALPHA 13 AVIEW
@k 14 RTN
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FLUID DYNAMICS AND HYDRAULICS

CONDUIT FLOWIIIIIllllllllllllllllllllllllllllllll
Solves a variety of problems involving viscous conduit
flow.

FLOW WITH A FREE SURFACE: it tvsvisrrnnsensnnsesss 8

Solves flow problems using Manning flow formulae.

PIPE SLIDE-RULEIIlllllllllllllllllllIllllllllllllq

Given surface coefficient (n) and any three of the
following: 1) Flow 2) Slope 3) Pipe diameter

4) Depth %, the fourth is computed. Also computes
velocity.

FORCES AT BENDS AND FITTINGS:ssevnssvnennnsnsess20

Solves for force due to a change in velocity of a
fluid at a bend or fitting.

VALVE SIZINGIIIIIIIlllllllllllllllllllllllllllll25

Solves Valve Coefficient (Cv) for valves used in
Liquid, Gas, Vapor and Steam.

PIPE NETWORKANALYSISIIIllllllllllllllllllllllll31

Solves equivalent length of a pipe using the Hazen-
Williams equation. This allows for analysis of a
water distribution system using the Hardy-Cross
method.

RESTRICTION METERING ORIFICE CALCULATIONS.:s+....U2

Solves for orifice bore and differential pressure
across an orifice with flange taps for gas flow.

ENERGY EQUATION FOR STEADY FLOW. ' vsvuuvvsnssose.U48
Given any eight of nine terms of the Energy Equation,

the ninth is computed.

COMPRESSIBLE F'OW IN VARIABLE AREA DUCTS:::::::+:53

Solves the area ratio mach number relationship for
isentropic flow of a perfect gas in a variable area
duct.

FLOOD ROUTING AND HYDROGRAPHS.:::sissssaasssse14,59

Solves for a unit hydrograph or a soil conservation
service hydrograph given peak time and flow.

Requires at least one additional memory module.



CONDUIT FLOW

This program solves for the average velocity, or the pressure drop for
viscous, incompressible flow in conduits.

Equations:

For laminar flow (Re < 2300)

2 _ AP /p
L_ Ky
2(fD+4>
f = 16/Re.

For turbulent flow (Re > 2300)

1
vE

_ D _ D
=1.737 1n 2 + 2,28 - 1.737 1n (4.67 e vE * 1)

is solved by Newton's method.

1 D
7§; =1.737 1n e + 2.28

is used an an initial guess in the iteration.

where:
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Reynolds number, defined as pDv/uj

pipe diameter;

dimension of irregularities in the conduit surface (see table 2);
Fanning friction factor for conduit flow;

pressure drop along the conduit;

density of the fluid;

viscosity of the fluid;

kinematic viscosity of the fluid and u=pv;

conduit length;

average fluid velocity;

total of the applicable fitting coefficients in table 1.



Table 1

Fitting Coefficients

Fitting K
Globe valve, wide open 7.5—10
Angle valve, wide open 3.8
Gate valve, wide open 0.15—0.19
Gate valve, 3/4 open 0.85
Gate valve, 1/2 open 4.4
Gate valve, 1/4 open 20
90° elbow 0.4—0.9
Standard 45° elbow 0.35—0.42
Tee, through side outlet 1.5
Tee, straight through A
180° bend 1.6
Entrance to circular pipe 0.25—0.50
Sudden expansion (1‘Aup/Adn)2*
Acceleration from v=0 to V=V ntrance 1.0

*Aup is the upstream area and Agp is the downstream area.

Table 2

Surface Irregularities

Material e(feet) e(meters)
Drawn or Smooth Tubing 5.0x10~5 1.5x10"¢
Commercial Steel or Wrought Iron 1.5x10™" 4.6x1075
Asphalted Cast Iron 4.0x10™"% 1.2x10-"
Galvanized Iron 5.0x10—"* 1.5x10~*
Cast Iron 8.3x10~" 2.5x10™"
Wood Stave 6.0x10-"* to 1.8x10™" to
3.0x10-% 9.1x10—*
Concrete 1.0x10-3 to 3.0x10™* to
1.0x10-2 3.0x10~3
Riveted Steel 3.0x10"3 to 9.1x10™"* to
3.0x1072 9.1x10-3

Reference:

Welty, Wicks, Wilson, Fundamentals 04 Momentum, Heat and Mass Trhans fen,
John Wiley and Sons, Inc., 1969.



Remarks:

The correlation gives meaningless results in the region 2300 < Re < 4000.

The solution requires an iterative procedure. The time for solution will
range from 10 seconds for AP, to several minutes for v. The display setting
is used to determine when the solution for v is adequately accurate. Time
for solution of v is roughly proportional to the number or significant digits
in the display setting.

1f the conduit is not circular, an equivalent diameter may be calculated
using the formula below:

D _ s cross sectional area
€q wetted perimeter

Unitary consistency must be maintained.

Example:

A heat exchanger has 20, 3 meter tube passes (60 m of pipe) with 180 degrees
bends connecting each pair of tubes (from table 1, Ky = 10 x 1.6). The fluid
is water (v = 9.3 x 10-"m%/s, p = 103kg/m3). The surface roughness is 3 x 107
and the diameter is 2.54 x 10~?m. If the fluid velocity is 3.05 m/s, what is
the pressure loss? What is the Reynolds number? What is the Fanning friction

factor?
Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 015
[///]1 [ENG] 3

[XEQ] [ALPHA] CONDUIT [ALPHA] U=?

9.3 [EEX] [CHS] 7 [ENTER*]

[EEX] 3 [X] [R/S] RHO=?
[EEX] 3 [R/S] E=?

3 [EEX] [CHS] 4 [R/S] L=?

60 [R/S] D=?

2.54 [EEX] [CHS] 2 [R/S] KT=?

16 [R/S] =?

3.05 [R/S] DP=?

[R/S] DP=521.9E3
[R/S] Re=83.30E3

[R/S] F=10.18E-3

u
m



User Instructions

Size: 015 *1

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 Load program

2 Initialize [XEQ] CONDUIT U=?

3 | Key in viscosity u [R/S] RHO=?

4 | Key in density 0 [R/S] E=?

5 | Key in surface irregularity > [R/S] L=?

6 | Key in length of conduit L [R/S] D=?

7 Key in equivalent diameter D [R/S] Kf=?

8 | Key in total fitting coefficient Ky [R/S] V=2

9 | Key in velocity if known, otherwise
press [R/S] v [R/S] DP=?

10 Key in pressure drop if ‘known, otherwise
press [R/S]. (either v or AP must be
known) AP [R/S] (unknown) =

11 | Optional: obtain Reynolds no. [R/S] Re=
Optional: obtain Fanning friction factor [R/S] F=

12 | To change just v or AP [XEQ] CHANGE V=2

13| Go to step 9

14 | To begin a whole new problem go to step 2




Program Listings
Wmi+LEL -~ COM 51T RIS T
nuIT" 52 HKeEYT?
Gz “u=7" 53 GTO @3
62 PROMPT 54 vy=-
g4 STO @9 55 RCL @82
s “RHO=7" Input s6 GTO 1@ | ________
66 PROMPT s7eLBL B2 |77 TTTTTTTT
a7 STO 1@ s8 RCL 1@
ag ST~ @9 =9 RCL 13
Bg --E_.:-?u &6 RCL i3 Calculate
1'3 F'EDNPT E-l - constants
11 STO 14 &2 STO 86
12 =pL=7" 63 LN
13 FROMPT &4 1.737
i4 STO 83 &S STO @7
15 =D=7" 66
16 PROMPT 67 2.28
17 STO 13 68 +
18 ~KT=7" 69 STO 12
19 PROMPT ¥B STO B35
@ 4 71 FS7 @@
=1 - T2 GTO 87 | e
22 STO @g 73+«LBL @&
23Z+«LBL “CHA 74 16
HGE " 7S RCL @82z
24 CF 22 ¥5 RCL 13 Is flow
25 “w=7 7eo* turbulent?
26 PROMPT 72 RCL @9
27 SF aa P I
78 F57 zZ2 28 STO 61
79 CF ag@ 21 23080
26 STO @z 282 H{=¥?
=1 “DP=7 83 GTa a2
22 PROMPT 24 RDHM
2TZT STO 84 | e e 25 «
24 HEQ @9 lst V 86 SORT
35 Fs57? @8 I W
36 GTOD 83 88 STO @5
‘ZF7 RCL B2 89 GTO BY | e o2
2 ®T2 ag«LBL @2
o % Calculate AP a1 RCL 1z
48 RCL 18 92 RCL 85 Iterate to
41 * 23 - find
42 STO 84 94 4.67 1
43 ~DP=- a5 RCL @6 Vi
44 GTO 1@ | _____ ___.____ 96 *
45«LBL @3 27 RCL ©1
46 RHND Iterate to 98 -
47 STO Ga find V using 99 RCL a5
48 XEG @& lst V as guess 106 *
49 RHD 181 1
Ss@a RCL 86 182 +




Program Listings

183 5TO 11 155 ARCL @1

184 LH 156 PROMPT
185 RCL @7 157 “F=-
186 * 158 RCL @5
187 — 159 1-¥
168 RCL 11 168 Xt2
189 1.¥ 161 ARCL ¥
118 CHS 162 PROMFPT

1 163 RTH
+ 164 .EHD.

RCL B7 =Y

b b ok ok ok ok ok ok ok
ok ok ok ok ok ok ok ok
WO Q0 ] O B ) e

A

.

r

iy ]

]

128 ST+ @85

121 RCL as
122 -~

123 AEBS 70

124 E-3=

125 XI=¥7?

126 GTO @2

127«LEL @7

128 RCL a5

129 1=

1386 X122

131 RCL a=

1322 *

123 RCL 1= 80

134 -~

125 RCL @ag

136 +

127 2

138 =*

139 RCL a4

146 RCL 18

141 -~

142 X&YW

143 FS? Aga 90

144 GTO Ga

145 RTH
l4c«LEL @A

147 ~

148 SQRET

149 STO Gz

15386 RTH

151+LBL 18

1532 ARCL X

153 PROMPT Output
154 “"Re=- , 00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS

STATUS

00| Vv 50 size _015 _ TOT. REG. _32 USER MODE
Re ENG FIX scl ON ofFF X
\ DEG RAD _—__ GRAD
L
AP
05| 1/Vf 55 INIT FLAGS
o/c # S/C SET INDICATES CLEAR INDICATES
1.737 00 calculate V calculate AP
Ky /4 22 calculate AP calculate V
u
10 | » 60
used
l//f—f_ 0
D
€
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




FLOW WITH A FREE SURFACE

This program solves algebraic manipulations of the following two equations
for any of the five variables in each:

Manning flow formula:

2
2.2082 r'/° x a?
Q= Xpt/e 4 g1/2 (2)
n
Where S = slope of the bottom, dimensionless

n = roughness coefficient

r = hydraulic radius ft.

Q = discharge rate ft3/sec

a = crosssection area ft?/sec

K = discharge factor dimensionless

and D = hydraulic diameter

References: Civil Engineering Handbook, Leonard Church Urquhart (ed.),
McGraw-Hill Book Company, 4th Ed.
HP-67/HP-97 Users' Library program #00269D.




Example: 1. Find Q for S =
2. Find K for S =

Solution:

Keystrokes:

[UsSER]

[xEQ] [ALPHA] SIZE [ALPHA] 007
[xEQ] [ALPHA] FSFLO [ALPHA]
[al

.001 [Rr/s]

.013 [R/s]

[r/s]

5 [EnT] 12 [+] [r/S]

5 [R/S]

[8]

.001 [Rr/s]

.014 [Rr/sS]

200 [R/s]

4 [R/s]

[r/s]

.001, N

.001, n =

.013, R = 5/12, and A = 5.0
.014, Q = 200, and D = 4
Display:

(Set USER mode)

LBL A OR B ?
s ?

N ?

Q?

R ?

A?
Q=10.0826
s ?

N ?

Q ?

D ?

K ?
K=2.1962
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User Instructions

SIZE: 007
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load the program and set USER mode [USER]
2 | Initialize the program [XEQ] FSFLO LBL A OR B ?
3 For Manning Flow formula, press - [A] S ?
and input 4 of the following: S [r/s] N ?
When prompted for the unknown variable, N [R/S] Q?
press [R/S] (make no input). The unknown | Q [r/s] R ?
is then automatically calculated. R [r/s] A7
A [R/s] S=( )
=( )
Q=C )
=( )
=(C )
4 For discharge factor formula, press - [8] S ?
and input 4 of the following: [rR/s] N ?
When prompted for the unknown variable, [R/S] Q7
press [R/S] (make no input). The [R/S] D ?
unknown is then automatically calculated. [rR/s] K7
[R/s] s=( )
N=( )
Q=(C )

=(C )




Program Listings

1

‘@i+LBL "F

L':‘u

az "LBL H
E: B?Il

83 FROMPT
ad4«LEL R
as 1.1

@ STO @a
a7 CF 22

@ag "5 7"

a9 HE@ 11
1@ "H 7"

11 HEG@ 11
12 @ 7"

17 HE@ 11
14 -:E: ?nc

15 XEQ 11
16 -nn ‘?-t

17 HEG® 11
12 RCL @4
19 4

2@ EMTERT
21 3

2z -
23 ¥
24 z.2@82
25 *

26 STO a4

SF

L

27 GTO IHD

ae

Zz2+LEBL 81
29 HKE@ 16
26 RCL @1
31 *

32 HEQ@ 15
33 -

24 =35~
Z5+LBL 12
36 (1} ‘__:nl
37 ARCL =
28 PROMPT
29«LBL 11
48 PROMPT

41 STO IHD

a8
42 RCL @98

43 FC?C 22

44 STO @6
45 ISG B8
46 RTH

47<LBL 16

Equation 1

Prompt and
store data

Calculate S

Display routine

Input storage
routine

"48 RCL @z

49 RCL @3
58 *

51 H¥t1t2

52z RCL @81
53 ~

54 ETH
S5«LBL 15
S6 RCL 85
57 HT2

58 RCL a4
59 *

&8 RTH
&6l«LBL A=
62 ¥EQ 15
63 RCL 91
64 *

65 SGeRT

&6 RCL B3

67 -

68 IINII

&9 XKEG 12
Ta«LBL 83
71 XE@ 15
T2 RCL 91
3 *

74 SERT
S RCL a2z
e

?? .IQ..

78 XE& 12
F9+«LBL 85
88 XE& 1¢
81 RCL a4
g2z -

g3 SeRT
84 llnll

e85 XeEa 12
ga+LEBL @4
87 XEQ 1o
g8 RCL 835
89 Xtz

Qa8 -

a1 2.z288:2
az -

a3 3

a4 ENTERT
a5 4

96 -

a7 ¥YT=x

) 93 --Ru

Calculate

(NQ) 2
S

. Galculate
. denominator

" Calculate N

Calculate Q

Calculate A

Calculate R
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Program Listings

99 HEGQ
106+LEBL
161 1.1
182 5TO
163 CF

1=

B

ag

22
b L]

184 =5

185
186
167
1638
169
118
111
112
113
114
115
116
117
118
119
128
121
iz2
123
i24
125
iz2e
a5

»EG 11
llN -’?--
»ER 11
IIQ "?lt
#ER 11
..D ‘?-l
xE@ 11
t'l{ 4?!:
“XEQ 11
b

5T+ B8&
RCL 81
SERT
STO 81
RCL a4
a
EHTERT
3

-

YT
STO a4
GTO IND

127+«LBL Gg&

128
129
138
131
132
133
134
135
136

RCL 85
RCL @8z
-

RCL @84
e

RCL B1
*

“Q“
“EQ 12

137«LBL B8&

138
139
148
141
142

143

144
145
146
147

RCL a3
RCL 85
RCL @aZz
-
RCL a4
*

~

ATtz
nSn
“<E@ 12

148«LBL 108

Equation 2

Prompt and
store date

adjust pointer

Da/s

Calculate Q

149
158
151
152
153
154

RCL @z
RCL a3

RCL a1
-

*
RCL B84

155 -~
156 llKl!
157 HE&
158+LEBL
159 RCL
168 RCL
161 =*
162 RECL
163 RCL
i64 -~
165 -~
166 uH"
167 XE®
ic8+LBL
159 RCL
178 RCL
171 -
172 RCL
173 *
i74 RCL
175 -~
176 =

-
o

ar
a5
a4

a3

81

177 ENTERT

178 8
179 ~
138 ¥t1x
181 "D~
182 HEQ

12

182 .EHND.

Calculate K

Calculate N

Calculate S

90

00

Calculate D

L




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | Pointer 50 size 007 _  TOT.REG. 053 USER MODE
S or NS ENG FIX 4 __ scl ON _x___ OFF
g DEG _X RAD —__ GRAD
2.2082 £ or D3
05| a or k 55 INIT FLAGS
subroutine pointerx # S/C SET INDICATES CLEAR INDICATES
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




14

PIPE SLIDE-RULE

The program computes the unknown, when given the surface coefficient (n) and any
three of the following: 1) Flow (Q); 2) Slope (S); 3) Pipe diameter (D); 4) Depth
% (D/d). Also computes Velocity (V). When solving for Pipe diameter, the program
automatically rounds up to a standard size of 6", 8", 12", 15", 18", 21", 24",
etc.--pipe. Depth percentage (D/d) is found by Newton's method of iteration. 1In
the case of depth percentages between approximately 827 and 100%, two roots or
values are appropriate.

Reference: HP-67/97 Users' Library program #00281D by C. B. Coleman.

Example: Find D/d and V given the following:

n = .013 s = .1 (10 ££/100)
= 850.3 CFS D = 144 (dinches)
Solution:
Keystrokes: Display:

(/771 [FIX] 2
[XEQ] [ALPHA] SIZE [ALPHA] 013

[XEQ] [ALPHA] PSR [ALPHA] N ?

.013 [R/S] Q?

.1 [R/S] D ?

850.3 [R/S] S ?

144 [R/S] D/d ?
[R/S] D/d=81.96
[R/S] (second solution) D/d=100.00
[B] Q?

850.3 [R/S] D ?

144 [R/S] D/d ?
81.96 [R/S] V=8.57

etc. (for second solution V=7.52)




User Instructions
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Size: 013
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load the program.
2 Initialize [XEQ] PSR
3 To solve for S, Q, D or D/d: [A] N ?
4 Input the surface coefficient: n [R/S] S ?
5 Input any three of the following:
Slope (ft rise/ft rumn) S [R/S] Q?
Flow (ft®/sec) Q [R/S] D?
Pipe Diameter (inches) D [R/S] D/d ?
Depth Percent (%) D/d [R/S] Q=( )
or S=( )
or D=( )
or D/d=( )
When prompted for the unknown variable,
press [R/S] (make no input). When solving
for D/d, press [R/S] a second time (if no
printer is present) to find the second
solution.
6 | To calculate velocity: [B] Q ?
Input: Flow (ft®/sec) Q [R/S] D ?
Pipe Diameter (inches) D [R/S] D/d ?
Depth Percent (%) D/d [R/S] v=()

Velocity is in ft/sec.




Program Listings

"
[Ny

A

BislBL ¢

Bz S5F 21

@3 SF 27

@4 RAD

85 STOP

BE«LEL B

67 SF G&

62 1@

89 STO @4

18 HEQ @5

11 HEQ @z

12 EMTER®

iZ SIH

id —

15 1%

16 RCL 1@

17 %

18 RCL 11

19 xHtz

28 -

21 1152

2z *

E 3 L3 "x‘i 3

24 GTO 14

ZS+LEBL &

26 &

27 STO @4

g "M~
HEQ @@
e i::

HEQR 85
+«LBL @5
Tz i:! 2z

HER GG
L] B ez

HER @G
3? sz I'-._;-.j Tz
38 KEG @8
39 Fs?C 86
48 RTH
41 GTO IHD

Gl Lol e Gl Cod O] G P2 o) T

DU - O O I A Y

2+LEBEL am
4F =} 7o

44 PROMFT
45 STO IHD

46 ECL a4
v FC?C ZZ2
42 STa &=

Initialize

Solve for V

Input Routine

Calculate V

Output Routine

Input Knowns

Common Input
Routine

ni
n

A IR A ) I RN I YR o Y s B R

L

e LE1 b

Hi s
LI (W

)

0 =d (0 el [T] o]

&
DO U Ay
™

G T T R I I I I

-
a'ln

o (] [T] =
(31 b

[l o

L B |
)

-

-
i m:

..

.-' ooty
:

ol

]
ol
)
i

B B s B B Y I I I R
el ol o |

DR B VR ) I N I R R T

e [

[y
wa e

RO [

Ll G

OO I
ROCOURSY I LT YN I LV IR )

O D A D D DA 0 ) O G
WD G B e

Solve for Q

Output Q

Solve for S

Output S

Solve for D

Rounding to
Standard Size

Output D

Common Routine




Program Listings

iGE — i1 STO @1
1@1 CHS 152 -

1B2 ACOS 153 RCL @z
163 ST+ = 154 RCL @@
i@4 =STO 12 155 STO G2
165 RTH 156 - |
i@ceLBL 12 157 -~ |
187 PI 158 =

i@e STO 1= Solve for D/d 159 CHS
1G9 4 16@ ST+ 12
11@ =STO 61 161 RCL 1
111 CHS 162 -

i1z sTO @z 163 RHD
113+«LBL 15 164 =87
114 RCL 11 Common 165 GTO @1
1 1 5 8 Iteration 1 E.E. 7

116 EHTERT Routine 167 RCL 12
117 = 168 H>Y7
118 -~ 169 GTO 17
119 ¥+x 178 =

1Z@ RCL @9 171 -~

121 SarT 172 COS
122 173 1

i3 RCL &S 174 —

124 -~ 175 2

125 226 176 -

126 HTZ 177 CHS
127 ~ i7e 1 E=z
128 =To a5 1792 *
1Z9«LEL @1 12@ =TO @&
1Z@ RCL 12 181 .219:
121 EHMTERT 182 Moo=y
132 SIH 183 “D-d"
133 — 184 H<=¥7
134 5 185 GTO 14 Output D/d
135 Y1 186 FC7? @7
136 RCL 1= 1587 HEGQ 14
137 ®=+Z2 188 FS7C &7
138 -~ 189 GTO 14
132 = 19@ SF a7
148 1% 191 RCL 1=
141 Y1 192 STO a7
142 RCL @5 193 PI

143 = 194 ST+ ¥
144 FS7C @S 195 STO Gi
145 RTH 196 CHS
146 RCL 1@ 197 STO Gz
147 — 198 &

142 =70 aa 199 =TO 1=
149 RCL @1 288 GTO 15
156 RCL 12 , c@E1+LEL 2@




Program Listings

51

PO o o ol ol
R [ VIR ) RS 3

DT T T T B Pl P o

Output Routine

60

20

70

30

80

40

90

50

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | used 50 sizg _013  TOT.REG. — 60 USER MODE
used ENG FIX scl ON _X_OFF
used DEG RAD _X_ GRAD
subroutine pointern
pointer FLAGS
05 | used 55 INIT
used # S/C SET INDICATES CLEAR INDICATES
used 051 ¢ lCalculating Q, S, | Calculating D/d
n or D
S 06 ] C |Calculating V Calculating any
10 | o 60 other
D 07 | ¢ [|SecondD/d solution| First or only D/d
D/d 21| S |Printer Enabled Printer Disabled
271 S |USER on USER off
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90 Input for Q, S| A
D or D/d
Input for V B
45 95
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FORCES AT BENDS AND FITTINGS

When the velocity of a flowing fluid is changed in magnitude or direction, such
as at a bend or fitting, a force must act upon the fluid to cause the change.
This program considers only the systems where the pipe itself is pressure-tight,
but where accelerating forces must be resisted by external means to prevent move-
ment of the piping, increased stress in the pipe walls, or both. The equations

are:
F
x
F
where F
Q
W
g
Vo
V1
R
Subscripts:
References:

X

w - - -

g (VZX le)’ Fy g (V2y Vly)
> > — —

F +F R=-F |,

X y

accelerating force on water, lbs

rate of flow, ft3/sec

specific weight, lbs/ft?3
acceleration of gravity, ft/sec?
velocity leaving fittings, ft/sec
velocity entering fitting, ft/éec
reaction of water on fitting, lbs

for x direction and y for y direction

Fluid Mechanics and Hydraulics, by Ronald V. Giles, Schaums Outline

Series, McGraw-Hill B-ok Company, New York, 1962.

Hp-67/HP-97 Users' Library program #00268D




Example:

Q = 2ft. 3 /sec.

Support

Find the forces on the water deck gun due
direction.

V,xl =0
o 2
V,x2 = Vcos®; 6 = 30°, V =016
V,y, = 2/.2 (Q/Al)
= i . = ° = .______2
V,y2 = Vsin®; © 30°, V 516
Solution:
Keystrokes:

[xEQ] [ALPHA] SIZE [ALPHA] 002
[XEQ] [ALPHA] FORCE [ALPHA]
62.4 [R/S]

2 [r/s]

0 [RrR/s]

108.25 [R/S]

10 [R/s]

62.5 [R/S]

[r/s]

[r/s]

[r/s]

0.2 ft.2

>
0

A, = 0.016 ft, 2

to the changes in velocity and

Display:

W ?

Q ?

V,X1 ?

V,X2 ?

V,Y1 ?

V,Y2 ?
F,X=419.94£0.0
F,Y=203.6490.0
F=466.74£25.9
R=466.74~154.1

21



User Instructions

SIZE: (002
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load the program
2 Initialize the program [xEQ] FORCE W ?
3 Input: specific weight of fluid W [rR/s] Q7
flow rate Q [r/s] V,X1 ?
x-component of velocities: entering| V,X1 [r/s] V,X2 ?
leaving| V,X2 [r/S] V,Y1 ?
y-component of velocities: entering V,Y1 [R/s] V,Yl ?
leaving| V,Y2 [R/‘s]
4 Find: x-component of force; F,X=( )A0.00

y—component of force;

F,Y=( )490.0

net force; and

F=( )4.()

net reaction.

R=( )A4.()




Program Listings

4z

PROMPT
"L Y2 7
PROMPT

CHS
ST+ A1
a

RCL 4@
"F.':’{"
AEQ ag
oA

RCL @1
--F.-!.l.'n
“EQ ag
RCL Ga
R—-F
an
HEQ 8=
RCL @1
CHS
RCL @&
CHS
R—-F
IIRII

43«LEBL @&

44
45
46
47
48
49
sa

. '__=u
ARCL X
L1} ‘_“_:u
ARCL ¥
FPROMPT
RTH

- ENMD.

51

60

70

80

90

Display routine

00




2‘tREGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | Qw/g, FX 50 SIZE _002 TOT.REG._019 USER MODE
OW/g, FY ENG FIX —1_ sci ON OFF _x
. DEG X _ RAD_—_ GRAD
05 33 NIT FLAGS
# S/C SET INDICATES CLEAR INDICATES
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




VALVE SIZING

This program calculates the valve coefficient Cv.

Cv = QY FipD)

Valve for Liquid flow:

G
(QVG Ta

Valve for Gas flow, if P2 Z:E%-:
Cv =
1360‘#(P1—P2)P2
. P1

Valve for Gas flow, if P2 < 5 ¢
__oVoTa
¢V = 1360 (P1/2)

S P1

Valve for Vapor flow, if P2

Cv = 1

Q Vs
© 63.4 \(Pl—PZ)

Valve for Vapor flow, if P2 < —/ @

-9 Vs
v =537 YouD

v
o
[

Valve for Steam flow, if P2

_ Q (1+0.0007 Ts)

3 \KPI—PZ)PZ

Valve for Steam flow, if P2 < — :

Q (1+0.0007 Ts)
3 (P1/2)

Cv

]

References: HP-67/HP-97 Users' Library program #02200D by Paul Crowder.
"Process Instruments and Control Handbook" by D. M. Constadine,
pub. McGraw-Hill, 1957.

25
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Example: Calculate CV for a gas valve:

Inlet pressure - 135 psig
Outlet pressure - 115 psig
8p. Gr. @ flow - 1.0

Solution:

Keystrokes:

[XEQ] [ALPHA] SIZE [ALPHA] 004
[XEQ] cv

[ALPHA] G [ALPHA] [R/S]

9000 [R/S]

149.7 [R/S]

129.7 [R/S]

1 [R/S]

10 [R/s]

Flow temp. - 10°F
Flow rate - 9000 CFH

Display:

L,G,V, OR S ?
Q ?

Pl ?

P2 ?

G ?

T ?

CV = 2.82




User Instructions

27

SIZE: 004
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load program
2 Initialize the program [XEQ] Cv L,G,V,or S?
3 Select éne: liquid "L [r/s] Q ?
gas; "G" [r/s] Q ?
vapor; or "y [r/s] Q ?
steam R [r/s] Q ?
4 Input only values prompted for:
Flow (liq.-GPM; gas-CFH; vap/stm—#/hr) Q [r/s] Pl ?
Inlet pressure (PSIA=PSIG+14) Pl [R/s] P2 ?
Outlet pressure (PSIA) P2 [r/S] (prompt)
Specific gravity at flow G [r/s] (prompt)
Temperature (°F) Ts [r/s] (prompt)
Specific volume (££3/1b) Vs [r/s] (prompt)
5 CV, the valve coefficient, results cv=( )
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Program Listings

Bi+«LBL ~“C¥-
Bz CF @1
E‘E "LJG.-"L".'

oF S7-

a4 FROMFPT
a5 AsSTO ¥
96 l-Ln

ar STO #
ag H=%¥7
a9 GTO ati
1@ IIGII

il ASTO =
12 H=%7?
13 GTO G2
14 ull...llu

15 ASTO ¥
16 H=%¥7
i7 GTO 8=
is XEG a5
19 =Ts 2=
Zza PROMPT
21 .88a67
22 *

3
24
25
26 -

27 RCL A&
28 *

29 HEQ@ Q&
328 FS?C A1
31 GTO Qs
32«LBL 106
23 RCL @Gt
34 RCL a2
25 *

Z6 SERT

27 -

38 XEG a9
Z9«LBL G2
48 RCL 91
41 -~

42« BL O92
43 ..CV=.’
44 ARCL ¥
45 PROMFPT
46+ BL GO3Z=
47 XEQ A5
48 RCL g@a
49 &63.4

Sa -

[

Select equation

Calculate
CV for steam

NI'_:'U

250
2

Display
routine

Calculate
CV for vapor

59

“ER a&
" Ivls ‘?Il
FROMFPT
RCL @1

SaRT

*

CF B1
“<EQ B89

60+LEL Q2

61
&2
&3
&4
65
(=323

&7

&5
&2
7a
71

e |

= =
LN

7E
vy

“EG @5
RCL @a
1360
. g P
PROMPT
l-T ‘?u
PROMPT

4608
+

*
SaRT

*

“EQ a5
FS?C @l
GTO 88
GTO 16

78eLBL 81

79
868
g1
82
83
&4
85
=1 )
ar
g8

&89

REQ@ 85
IIG "-:lll

PROMFT
RCL A1
RCL @z

=

SERT
RCL @aa
*

XEG @9

S0«LBL aS

91
oz
93
94
95
96
a7
o8
99
168

--Q ?u
PROMPT
STO aa
I-Pl ".:l:.
FPROMPT
STO 81
thE ?ll
PROMFT
STa Az
RTH

161+LEBL B&

Calculate
CV for gas

absolute temp.

Calculate
CV for liquid

Prompt and
store input




Program Listings

182
163
164
1a5
186
ia7v¢
108
189
1106
i11
112

STO
RCL
RCL
2
-

EACh By

GTO
RCL
ST-
RCL
RTH

113+LEL

114
115
116
117
118

STO

83
az

ail

av
a2z
a1
L5

ar
a1

SF 81

RCL
RTH

az

- ENMD.

test Pl’ P

20

30

40

50

2

NI"U
—

nﬂhrd

2

51

60

70

80

90

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | Q 50 size _004 TOT. REG. _035 USER MODE
P1, P1/2 or P1-P2 ENG FIX -2__ scCI ON OFF _X
P2 DEG _ X RAD ___ GRAD
Used
05 | 55 INIT FLAGS
# S/C SET INDICATES CLEAR INDICATES
01 |Jc P2 < P1/2 P2 > P1/2
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




PIPE NETWORK ANALYSIS

(Requires at least one additional memory module)

The first portion of the program computes the equivalent length of a pipe

by use of the Hazen-Williams equation. This is a prerequisite to any analy-
sis of a water distribution system by the version of the Hardy-Cross Method
used herein which requires that all pipes must be of the same diameter d
(normally d=10" is used) and roughness C (normally C=100 is used.)

This portion of the program computes the equivalent length by the equation:
1.8519 d 4.8707

L = L _c.z_.. . [ 2
2 1 C1 al

where the subscript 1 represents the existing pipe and the subscript 2 the
equivalent pipe.

The second portion of the program computes corrected flows (4 iterations)
using the Hardy-Cross method derived here:

Consider a two pipe loop; flow in one pipe Q1 and the second pipe QZ‘

1 Head Loss (in one pipe) =h = KLQn where K is a constant depen-

dent on the diameter, roughness and length of the pipe.

1.85
_ 1.594 L
K = K—-'C'—' . —-54. 87

2) Balanced head losses (H1 and —H2) around loop are equal to O
IH = H1 —H2 =0
3) If the assumed flow split Qland —Q2 are each in error by the
same amount AQ
TH = IKL (Q + AQ)™ = 0

4) Expanding the polynomial and neglecting all but the first two

terms 0
n n-1 -xKLQ -XKLQ
IH = IKLQ + InKLAQ- = 0 whence A —_— = ———
Q Q Q nZKLQ 1 nZKLQ

5) However, since all pipes are of the same size and roughness,
K cancels. Also n = 1.85 (=1/0.54)
i —ZLQ1/0°54
LQ1/0.54

E Q(0.54)

AQ

31
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The third portion of the program enables the computation of the pressure
(in psi) at any pipe junction in the distribution system given the starting
pressure at a particular pipe junction (normally a point where flow enters
the system from a pump or elevated tank). This portion of the program com-
putes the head loss in feet along a particular pipe by the formula

1.8519 ~4. 8704
B -1 3.5221g . d

Notes:

1.

2.

All pipes must be assumed to carry some flow, no matter how small.
No zero flows.

The program assumes loops comprise 4 pipes. If a loop contains 3
pipes, enter a zero for 4th pipe number.

Prior to running the program, sketch the pipe network and assign pipe
numbers and flow directions (clockwise or counterclockwise). Adjacent
loops must have opposite flow directions to keep the flow consistant
in common pipes.

2 5

ey
(%]
o

4 7

For example, the flow direction in pipe 3 (above) is the same for both
loops. Then assign assumed flows in the direction of the arrows posi~
tive values and assumed flows opposite the arrows negative values. If
the assumed flow in a particular pipe is inadvertently assumed in the
wrong direction, the program will automatically correct the sign during
the program iterations.

SIZE = No. of loops + 2 x No. of pipes + 7.

The annunciators in the display show the progress of the calculations
(flags 1-4 correspond to iterations 1-4).

Reference: HP-67 /HP-97 USERS LIBRARY

program #02275D by Bernard Golding.




Example:

Compute the correct flows for the network below. Also, find the pressure at
point D if the pressure at point A is 100 psi.

6750 gpm
1000 spm Assume ¥ Assume 1750 gpm
2000 gpm (+) c 1500 gpm (+) 5 /'
2) 2000' x 10", C=100 5) 2000' x 12", C=100
o
o IS
o — o
— 1} o
A% RE S
,r \1‘/ -l\ N (&)
| :o« E —q. i/ -
gl — -
oo o o o é’ o
oo - ol o 0o
= =) PN =) 0w | -
< N} © << ©o| © <Nl ©
< 1000 gpm o =4
~ ~N
~ ™ )
~— ~
Assume Assume O
A 9750 gpm () B 1000 gpm (»)
4) 2000' x 16", C=100 7) 2000" x 14", C=100
v
1350 gpm 2500 gpm 750 gpm
Solution:
Keystrokes: Display:
[USER] (Set USER mode)
[XEQ] [ALPHA] SIZE [ALPHA] 023
[XEQ] [ALPHA] NA [ALPHA] PIPE NO. ?
1 [R/S] PIPE NO. ?
2 [R/S] PIPE NO. ?
3 [R/S] PIPE NO. ?
4 [R/S] A OR B ?
[A] PIPE NO. ?
3 [R/S] PIPE NO. ?
5 [R/S] PIPE NO. ?
6 [R/S] PIPE NO. ?
7 [R/S] A OR B ?



[B]

7 [R/S]

10 [R/s]
100 [R/S]
2000 [R/S]
12 [R/S]
100 [R/S]
3000 [R/S]
2000 [R/S]
10 [R/S]
100 [R/S]
2000 [R/S]
2000 [R/S]
14 [R/S]
100 [R/S]
6250 [CHS]
2000 [R/S]
16 [R/S]
100[R/S]
9750 [CHS]
2000 [R/S]
12 [R/S]
100 [R/S]
1500 [CHS]
2000 [R/S]
12 [R/S]
100 [R/S]
250 [R/S]
2000 [R/S]
14 [R/S]
100 [R/S]
1000 [R/S]
[R/S]
[R/S]
[R/S]

[R/S]

[R/S]

[R/S]

NO. OF PIPES ?

EQUIV. DIA.
EQUIV. RUF.
L,1 ?

d,1 ?

C,1 ?

Q,1 ?

L,2 ?

d,2 ?

C,2 ?

Q,2 ?

L,3 ?

d,3 ?

C,3 ?

Q,3 ?

L,4 ?

d,4 ?

Crh ?

Q.4 ?

L,5 ?

d,5 2

C,5 ?

Q,5 ?

L,6 ?

d,6 ?

C,6 ?

Q.6 ?

L,7 ?

d,7 ?

C,7 ?

Q,7 ?
Q,1=3404
Q,2=2404
Q,3=-4134
Q,4=-9346

?

?




[R/S] Q,5=212

[R/S] Q,6=1962
[R/s] Q,7=2712

[C] EQUIV. DIA. ?
10 [R/S] EQUIV. RUF. ?
100 [R/S] dP,1=34.55
[R/S] dP,2=44.09
[R/s] dp,3=23.37
[R/S] dP,4=55.24
[R/s] dP,5=0.20
[R/S] dP,6=12.45
[R/S] dp,7=10.71

Since the pressure drops in the direction of the flow (and increases moving
upstream), the pressure at point D=100.00 - 55.24 - 23.37 + .20 = 21.59psi.



User Instructions

SIZE: 007+
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 |Load the program and set USER mode [USER]

2 Initialize the program [XEQ] NA PIPE NO. ?

3 | Input 4 pipe numbers for each loop. N [R/S] PIPE NO. ?
Enter a zero for pipe number when there N [R/S] PIPE NO. ?
are less than 4 pipes in a loop. N [R/S] PIPE NO. ?

N [R/S] A ORB ?

4 | For another pipe loop, press [A] PIPE NO. ?
and go to step 3

5 | When all pipe loops are in, press [B] NO. OF PIPES P

6 | Input: the number of pipes; n [R/S] EQUIV. DIAf ?

equivalent diameter; d [R/S] EQUIV. RUF. ?
nand equivalent roughness G [R/S] L,1 ?

7 | Input: pipe length; L.x [R/S] d,x ?

pipe diameter; d,x [R/S] C,x ?
pipe roughness; C,x [R/S] Q,x ?

and assumed fiow. iQ,x [R/S] L,x+1 ?
or
Q,1=C

8 |If a mistake is made in putting L,d, or C,
press [GTO] 03
and go to step 7 [R/S] L,x ?

9 | Perform step 7 until the data for all pipes
is input, at which time the program com-
putes corrected flows. If a printer is in
the system, the AQ's will be printed that
the user may watch convergence.

10 | To see the corrected flows, press [R/S] Qx=( )

11 Repeat step 9 until x=n.




User Instructions

37

SIZE:007+
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
12 | To find the pressure drops along a
pipe, press [C] EQUIV. DIA. ?
13 | Input: equivalent diameter; d [R/S] EQUIV. RUF. ?
and equivalent roughness. c [R/S] dP,1=(C )
14 | To see the AP's, press [R/s] dP,x=(_ )

and repeat until x=n




Program Listings

Bl1+«LBL

a2
az
a4
a5
151
. av
as
a9

FIx
CF
CF
CF a2z
CF a3
CF a4
6.1
STO 93

Z M
Lt A

18+«LBL A

11
12
132
14
15
16
17
az

ISG a=
RCL a3
STO aa
.81
S5TO a4
a
STO

13« BL 91

19

b L]

Za
21
=2
23
a3
24
25
26
27
28
29
=a
"?ll
=1

“PIPE HO

FPROMPT
RCL o4
*

ST+

.01
ST+ G4
RCL B4
1 E-9
KE=Y7

GTO @1

"A OR E

PROMFPT

32+LBL B

33
34
35
36

RCL a3
INT
STOo a3

"NO. OF

PIPES?"™

37
g
39
44
41
42
43
44
45
46

PROMPT
STO as
+

1 EZ

e

ST+ G822
ISG a3
1.1

STO a1
"EQUIY.

“HA

Initialize

IND

IND

Set up control

registers

4th pipe?
no

Prompt and
store data

DIA. 2=

47 PROMPT
48 STO @z
49 “EQUIY.
RUF. 2=

S8 PROMPT
51 STO a4
SZ2e«LBL 63
53 IIL.’ .
=4 HEG G4
55 RCL az
56 "d. -
57 HXER G4
S8 -

59 2.63
&8 ENTERT
&1 .54

62 -

632 YTH

&4 *

&5 RCL @4
66 “C., "
&7 HEG G4
&8 -

69 .54

TE 1%

1 ¥1&H
2 *
3 S5STO IHD
¥4 RCL @8&
3 RCL =
e +

Far "

T8 RE& G4
v9 STO IHND
v

g8 155G aGi
81 IsSG a3
82 GTO a3
g3 .084

g4 STO a2
g5«LBL 85
86 CF IHD @

87 ISG Bz
88 GTOD @&
£9 RCL ©a
98 RCL B8&
21 +
2z 1

Compute equivalen
lengths, L and
store L's and

Q's

iteration counten
done, display
results

t




Program Listings

-k
a4

a5

—
STO a1
1

9c+LEL a2

a7
a8
99
188
a1
181
182
183
1a4
185

"QJ L1
ARCL =
ll'_:ll
ARCL IHD

PROMPT
1
+
ISG 81
GTO @2

166«LEL G&

167

Pk ok ek ok b ok
e e R
0= N B G M

SF IND &

rRCL Ga
&

INT

EZ

+ N e

STO a5

119+LEBL 87

128
121
122
123
a5

124

a

STO 92
STO 84
RCL IHND

STO 91

125«LBL 18

126
127
128
129
138
1321
1322
133
“

134
135
136
137
138
Y

XEQ @9
RCL 86
+

ENTER®T
EMTERT
RCL @6
+

RCL IHND

ABS
- o4
1%
VTR
RCL IHND

set annunciator

clear E's

move control
reg. into working
control reg.

compute AQ

139 SIGH
148 =

141 RCL IND
Z

142 *x

143 ST+ G4
144 .54
145 -~

146 RCL IND
Y

147 -~

148 ABS
149 ST+ B3
15@é GTO 18
151«LBL ©4
152 ARCL @1
153 "+ 72*
154 PROMPT
155 RTH
156eLBL B89
157 1686
158 ST+ G1
159 RCL @1
168 INT
161 ST-— @61
162 Xx=87
163 RTH
164 RCL 084
165 RCL @63
166 -

167 F5? 55
168 PRX
169 INT
i7e STO 63
171 RCL IHND
as

172 STO A1
173«LBL 11
174 10606
175 ST+ 81
176 RCL 91
177 INT
178 ST— 81
179 XK=87
188 GTO 68
181 RCL 69
182 RCL @6
183 +

184 +

185 RCL @83
186 ST— IND
Y

input prompting

extract pipe

numbers

done?
no

. print AQ so user

can watch con-

- vergence

adjust Q's E;_-—
adding AQ

done?
yes




Program Listings

187 GTO 11
i88+LBL 88
189 ISG a5
198 GTO a7
121 GTO @65
192« BL C
193 "EQUIV.
nIa. 7=
194 PROMPT
195 STO0 az
196 “EQUIVY.
RUF. 2=
197 FPROMPT
198 S7T0 B84
199 1.1
288 S5TO @1
281« BL 12
282 RCL 81
2863 RCL @8
284 +

285 ENTERT
2866 ENTERT

207 RCL 96

268 +

289 RCL IHND
Y

218 RCL IND
Y

211 HABS

212 3.5521
213 *

214 RCL a4
215 -

216 .54

217 1-¥

218 Y1¥

219 *

228 RCL a2
221 2.63
222 ENTERT
223 .54

224 »~

2235 CHS

226 YTH

227 *

228 .43235
229 *

238 “dP., "
2321 FIX @a
232 ARCL A1
233 L1 |_= LT

do next loop
iterate

compute pressure
drops

usually 10

234
235
236
237
238
239

FIX 2
ARCL X
FROMPT
ISG a1
GTO 12
- EHD.

60

usually 100

pipe no., n

70

80

90

é_gressure

display

result

00




REGISTERS, STATUS,

FLAGS, ASSIGNMENTS

i
DATA REGISTERS STATUS
00 | pointer (last control register No.) sizg /7t TOT. REG. SIZE+67 USER MODE
working control register ENG FIX 2 sci ON_X__OFF
Equiv. dia./iteration counter DEG X RAD —__ GRAD
used
used
05 | control reg. pointer INIT FLAGS
No. of pipes # SIC SET INDICATES CLEAR INDICATES
control reg. 1 1 ¢ | 1st iteration
control reg., 2 2 C 2nd iteration
. 3 C 3rd iteration
10 . 60 4 C | 4th (and last) iteration
L1 29 | C | for proper display format
1.2 .
15 | LN 65
Q1
Q2
20 | QN 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




RESTRICTION METERING ORIFICE CALCULATIONS

This program solves for orifice bore and for differential pressure across an ori-
fice with flange taps for gas flow.

Equations:

c - aNor'F 6
7727 PF
2 5 13y AP
Y =1 - [0.333 + 1.145 (B° + 0.7B° + 128'°) —
P Pfk
s =C h = 27.7 AP

p Yp\ﬁf ’

sp = 0.4892B8% + 0.27258% - 0.825R" + 1.75B°
d = gD
S¢ = 0.5988% + 0.018% + 0.0000194782 (10B)*° 425
YF =1- [0-3%.; g;iSBu] normF hnormF = (C/Sf)z/YFz
hmax - hnormF [Qmax/onormF]2

Note: If differential pressure across orifice is too high, the second part of
the program will not converge.

References: L. K. Spink, Principles and Practices of Flow Meter Engineering,
9th Ed., page 167, Plimpton Press, 1967.
R. G. Cunningham, Orifice Meters with Supercritical Compressible
Flow, pages 625-638, ASTM, July 1951.
HP-67/HP-97 Users' Library program #02448D by Larry Richardson.




Example:

Solution:

Keystrokes
[xeq] [aLP
[xeqQ] [ALP
3330 [Rr/s]
560 [R/S]
.967 [R/S]
23 [R/s]
3.61 [R/S]
1.4 [R/s]
1.939 [R/S
[r/s]

4500 [R/S]

An orifice is to be sized to control the flow of nitrogen in a 1.939"
ID line to 3330 SCFH. A flow transmitter is to be connected to flange
taps for an alarm. The temperature is 100°F (560°R), pressure upstream
is 8.3 psig (23 psia) pressure downstream is 4.69 psig ( P=3.61 psi).
Meter maximum is to be 4500 SCFH.

G =MW . /MW . <~ 28/28.95 % 0.967
nitrogen air

Knitrogen =
: Display:
HA] SIZE [ALPHA] 011
HA] ORF [ALPHA] Q ?
T ?
G ?
P ?
dp ?
K ?
D ?
] d=.585 (" bore)
QMAX ?

HM=209. (" water column)



User Instructions

SIZE:
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load the program
2 " Initialize the program [XEQ] ORF Q?
3 | Input: Flow (SCFH); Uorm [r/s] T ?
Temperature (°R); T [rR/s] G ?
-G (air=1); G [R/S] P ?
upstream pressure (PSIA); P [rR/S] dp ?
pressure difference (PSI); AP [rR/S] K ?
K; and K [rR/s] D ?
I.D. of line (inches). D ‘[R/S] d=( ) (inchds)
4 Orifice diameter, d, results
5 To find the transmitter range, nm, input
maximum flow Qnax [r/s] HM=( ) (incHer
watq:
colymn/




Program Listings

@1+LBL "ORF

a2z
a3
a4
as
a6
ayv
as
a9
18
11
12
13
14
15
16
17
18
i9
Za
21
22
23
=4
25
26
i
25
29
38
31
32
33
34
35
36
37

“E -?_hn
PROMPT
IQT -?u

PROMPT

--G -'?u
PROMFPT
“P ?n
PROMFT
STO Qg
-
&
SQRET
bR
STO a=
E
STO a9
as dP -"?"
PROMPT
FIX 2
ST ai
iy
*
SERT
ST~ B9
n'{ -'?u
FPROMPT
ST+ @4
--D ?u
PROMPT
STO Gz
ATtz
2T
+*
5T~ a9
-
STO 18

ZS5+LBL 4GB

39
40
41
42
43
44
45
45
47
48
49
=1

1

RCL 18
13

i

iz

*

RCL 18
5

YrX

-7

#

-+

Prompt and store
data

guess for

B

Calculate d

51
52
53
54
S5
56
57
58
59
&8
&1
&2
63
64
65
66
&7
68
&9

RCL 1@
®t2

+
1.145
*

- 333

+

RCL 91
#*®

RCL ©a
-~

RCL @99
KLY
STO G4
-0

STO @85
STO ©6¢6

rO«LBL ©1

<1
Fi™
73
74
=
76
i
=
79
86
81
82
83
84
85
86
87
88
g9
28
91
92
a3
94

RCL @35
RCL 95
RCL @S
1.75

A

- 825

RCL @84

=07

GTO 683
®H<a7?

GTO @4
RCL ©eo
ST— 85
GTO 85

ase|BL
96 RCL
97 ST+
agelBL
29 RCL

186 RCL
ig1 =*

04
06
85

as

86
az

v Calculate Sp

B

Sp=power series

iterate




Program Listings

162 RND 153 Xt2

183 ¥=@G7 154 .59%

1864 GTO 83 155 =*

185 2 156 RCL @z

186 ST~ B& 157 =

167 GTO 81 158 Y13

188«LEBL 83 159 .81

189 RCL 1@ 168 *

118 RCL B85 161 +

111 — 162 RCL @2

112 RCL 82 163 6.425

113 =* 164 YT¥

114 RHD 165 .51804

115 X=87 166 *

116 GTO @& 167 + g
117 RCL B85 J 168 RCL 1@ £
118 STO 18 169 XL>Y

119 GTO GG 178 -~

1280+LEL 86 171 ®t2

121 RCL B5 8 172 STO 1@

122 RCL @z D 173 STO B7

123 =* - 174+LBL @7

124 =d=- 175 RCL 1@

125 ARCL ¥ Display 176 1

126 PROMPT result 177 RCL o1

127 FIX B - i78 RCL @7

izg "“gmMAx 2=« Calculate hm 179 =%

129 PROMFPT 188 -

136 STO B84 181 ¥tz

131 RCL @i 182 -~

132 27.7 183 STO @G5 h
133 * 184 RCL @7 normr
134 SERT 185 -

135 RCL B89 186 RHD

136 * 187 ¥=87

137 STO 1@ C 188 GTO @&

138 RCL 85 8 189 RCL B8g

139 4 198 STO a7

149 Yt 191 GTO a7

141 .35 192«LBL B&

142 * 193 RCL @4 Q
143 .41 194 RCL 63 max
144 + 195 -~

145 RCL 8a& 196 Xt12

146 - 197 RCL @8

147 27.7 198 *
148 - 199 “HM=-

149 STO @i [ 1% 200 ARCL ¥ Display
158 RCL @as F 201 PROMPT result
151 STO az 282 .END.

152 RCL @z 8




REGISTERS, STATUS, FLAGS, ASSIGNMENTS"

DATA REGISTERS STATUS
00 | KP 50 SizE _011  TOT.REG. 036 USER MODE
used ENG FIX -3 sClI ON OFF _x
used DEG __X _ RAD___ GRAD
QMAX
used
05 | Bnew 55 INIT FLAGS
Bincrement # S/IC SET INDICATES CLEAR INDICATES
old h norm
new h norm
used
10 | used 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




ENERGY EQUATION FOR STEADY FLOW

Given any eight of the nine terms in the equation below, the program calculates
the unknown term.

Energy Equation:

2 2
P W P v
—1 1 = _2 -2
w+z1+2g+Hp § ot Lyt gt H
where H = total dynamic head, ft.
Hp = head added by pump, ft.
HT = head extracted by turbine, ft.
HL = head loss due to friction, ft.
v? :
Eg-— velocity head, ft.
P -
W = Pressure head, ft.
Z = potential head, ft.
r—— ——————— _-I ~, V
System 2
Boundary
| l
| Turbine 9H ‘
T
| |
! |
| Pump 6Hp l
|
| I
I l
Ny
V1 7~ l
(e _I_l
Z1 2
__*_______*NL____ﬁ___“____«Z=0

References: HP-67/HP-97 Users' Library program #00267D
Fluid Mechanics and Hydraulics, by Ronald V. Giles, Schaums
Outline Series, McGraw-Hill Book Company, New York, 1962.




Example:

V. | Z = 400 Q = 100 f£t. 3/sec.
_ HL = 25 ft,
Reservior Shaft Work Out
' i
: Discharge pipe, A = 12.48 ft.2
i
1

7

Penstock

| Turbine E\X—— % =10
\ v £2=0

Tail race
Find the head extracted by the turbine.
Solution:
Keystrokes: Display:
[xEQ] [ALPHA] SIZE [ALPHA] 013
[xEQ] [ALPHA] ENRG [ALPHA] P1 HEAD ?
0 [Rr/s] Z1 HEAD ?
400 [R/S] V1 HEAD ?
0 [r/S] HP HEAD ?
0 [Rr/s] P2 HEAD ?
0 [r/s] Z2 HEAD ?
10 [r/s] V2 HEAD ?
100 [ENT] 12.48 [+] [x%] 64.4 [+] [R/s] HT HEAD ?
[r/s] HL HEAD ?

25 [R/s] . HT HEAD=364.00



User Instructions

SIZE: 013
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load the program
2 Initialize the program [XEQ] ENRG P1 HEAD ?
3 Input 8 of the following: P1 HEAD [R/s] Z1 HEAD ?
Z1 HEAD [rR/s] V1 HEAD ?
V1 HEAD [rR/s] HP HEAD ?
HP HEAD [rR/s] P2 HEAD ?
P2 HEAD [rR/s] Z2 HEAD ?
Z2 HEAD [R/s] V2 HEAD ?
V2 HEAD [R/S] HT HEAD ?
HT HEAD [r/s] HL HEAD ?
HL HEAD [rR/s] x) HEAD=(

When prompted for the unknown variable,

press [R/S] (make no input). That

quantity is then automatically calculated.




Program Listings

51

G

?

a

a8

al+LBL "EHE

az
a3
a4
as

a5

a7
as
a9
1@
11
12
13
14
15
1&
i iy
18
19
Z8
21
22
=3
24
25
26
27
28
29
38
31
32
33
34
35

36
37

CF a2
SF 81
1.1
STO g
CF 22
IIPI s
REQ 15
"21 as
XE® 15
Il'..'|1 us
®E@ 15
(1} HP L1
HE® 15
(1} PE .
KEQ 15
(1} 22 =
AEGQ 15
L1 VE as
XEQ 15
as HT L1
HERQ 195
s HL s
®“ER@ 15
XEGQ 1&
RCL 11
STO 12
XEQ 18
RCL 12
FC? @82
nLFY

CLRA
ARCL 18

“F HERD=

ARCL =
PROMPT

28+LEBL 15

39
40
41
42
43
a

44
45
46
2]

F5? 061
ASTO 18
“F HERD

PROMPT
STO IND

Fs?C 22
GTO 1@
ST— IND

Initialize

Prompt and
store data

Compute
unknown

47 CF 91
48 RCL ©0
49 5

58 X{=¥7?
51 SF 8z
S2<«LEBL 10
53 ISG 88
54 RTH
55«LBL 16
56 5.68069
57 STO 08
58 ©6
S59«LBL 17
68 RCL IND
a6

&1 +

62 ISG 84
&3 GTO 17
64 STO 11
65 RTH
66+LBL 18
&7 1.0684
68 STO ©86
69 @

¥a GTO 17
71 .END.

RHS or LHS?

Calculate
RHS

Calculate
LHS

80

Display
result

Input storage

90

Zero results

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | pointer 50 SizE 013 TOT.REG._038 USER MODE
P1 head ENG FIX 2__ scCI ON OFF _X
Z1 head DEG X RAD ____ GRAD
vl head
HP head
05 | P2 head 55 INIT FLAGS
Z2 head # S/C SET INDICATES CLEAR INDICATES
V2 head 01]S store prompt don't store prompt
HT head 02]cC unknown on LHS unknown on RHS
HL head 22 | C input made no input made
10 | prompt 60
temp. storage
temp. storage
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




COMPRESSIBLE FLOW IN VARIABLE
AREA DUCTS

This program solves the area ratio mach number relationship for isentropic flow
of a perfect gas in a variable area duct. The program will find M given A/A*

or A/A* given M, or T/To, P/Po or M given any one of these three quantities. The
zero subscript refers to stagnation conditionms.

Equations: k-1 k+1
(1T ¥\ 2(-1)
e = —=
A% =y | T
2
k.
P/Po = (1 + —kgl M2)h-1
T/To = (1 + L)t
where T = temperature
P = pressure
A = cross-sectional area of ducts at which M occurs
M = Mach number
A* = throat area of duct
and . e
Kk = Cp Cp = specific heat at constant pressure
Cn °? Cn = specific heat at constant volume

Notes: The equations apply only to a perfect gas with constant specific heats.
An initial guess for M must be supplied for the first equation given above
if the area ratio A/A* is the known quantity. If the guess for M is < 1
then the program converges to a Mach number < 1. If the guess for M is > 1
then the program converges to a solution for M > 1.

References: HP-65 Users' Library program #00780A by Harry Townes.



Example:

STAGNATION M
Po

T
° 1

A*

For K = 1.4 and A/A* = 1.5, find the two possible Mach numbers, T/To and P.Po.

Solution:

Keystrokes:

[USER]

[XEQ] [ALPHA] SIZE [ALPHA] 009
[XEQ] [ALPHA] COMFLO [ALPHA]
[a]

1.4 [R/s]

1.5 [R/S]

.5 [R/s]

[a]

1.4 [R/S]

1.5 [R/s]

1.5 [R/S]

[8]

1.4 [Rr/s]

.4303 [R/S]

[r/s]

[B]

1.4 [R/S]

1.8541 [R/S]

[R/S]

e
T

1
A

Display:

LBL AOR B ?
K ?

A/A* ?

GUESS FOR M ?
M=0.4303

K7

A/A* 7

GUESS FOR M ?
M=1.8541

K ?

M?
T/To=0.9643
P/Po=0.8805
K?

M?
T/To=0.5926
P/Po=0.1602

(Set USER mode)




User Instructions

SIZE: . 009

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Load the program and set USER mode [USER]
2 Initialize the program [xEQ] coMFLO LBL A OR B ?
3 To find A/A%* or M given the other
quantity, press - [a] K ?
3a| Input K K [r/s] A/A* ?
3b| Input A/A* (note 1) A/A* [r/s] M ?
—or-
GUESS FOR M ?
3c| Input M or a guess for M M [R/s] AJA*=( )
If the guess for M is < 1 then the result+ ggi_ )
ing M is < 1. If the guess is > 1 then
the result is > 1. The equation has two_
roots when A/A* is the known value.
4 To find T/To, P/Po, or M given any one
of these three quantities, press - [8] K ?
4a | Tnput K K [r/s] M2
4b | Input M and find T/To and P/Po (note 1) M [r/sl T/To=(_ )
[r/s] P/Po=( )
4c | Input T/To and find M (note 1) T/To [r/s] =( )
4d | Input P/Po and find M P/Po [r/s] =( )
Note 1: When prompted for an unknown

quantity, press [R/S] (make no

input).




56

Program Listings

Bl«LBL "COM

FLO-

82 "LBL A O

R B 7°
83 PROMFT
e4+LBL A
85 CF ©1
96 ll'{ ‘?-l
87 PROMPT
es 1
89 +
18 2
11 -~
12 STO a3
13 RCL 83
14 1
15 -

16 STO @4
17 -~
18 2

19 - |
28 STO @2
21 CF 22

22 "H A% 2=

23 PROMPT
24 FS? 22
25 SF a1
26 STO a5
27 "GUESS
ORrR HM?"

28 FC? z2
29 '.M ?-t
38 PROMPT
31 STO a1
32+LBL 91
33 RCL a1
34 K12

35 RCL @4

36 *
37 1

8 +

39 RCL @63
48 -

41 STO @s
42 RCL @z
43 YTH

44 STO @7
45 RCL @1
46 -

47 FC? @1
48 GTO @2

A/A* vs, M

Input made?
yes

Calculate A/A*

A/A%

49 RCL a5

58 -

51 STO @ag
52 RCL @av
33 CHES

54 RCL &1
55 XT12

S5

57 RCL 8&
58 RCL aZz
59 1

&8 -

61 Y1x

&2 +

&3 RCL @&
64 XY
&es -~

&6 ST— 91
&7 RABS

&8 RCL a1
69 -

8 1 E-3
71 H<=¥7
2 GTOo a1
v3 RCL @1
¥4 GTO @9
To+«LBL G2
?6 "n-“"n*"
¥¢r GTO a3
T8+LBL B
?9 --K ?u
88 PROMPT
81 STO Ga
82 1

83 -

84 ST~ aa
85 2

g6 -

g7y STO az
88 CF z2
89 u” ?-:
98 PROMPT
91 FS? 22
92 GTO o4
93 "T~Ta 2"
94 PROMPT
95 FS? 22
96 GTO as
97 "P~-Pa 2=
98 PROMPT
99 RCL 8@

Calculate M
iteratively

T/To, P/Po, vs. M

M input?
yes




Program

Listings

57

188 CHES
181 1-X
182 Y1=
163 1

184 -

185 RCL @az
igge -~

187 S@RT
iag«LBL G829
1@9 --M-l
1ig+LBL 83
111 n'_=n
112 ARCL =
113 PROMPT
114 RTH
11S«LBL A4
i16 Bt2
117 *

118 1

i19 +

128 STO 81
121 1-X
122 =T~Ta-"
127 XEQ 83
124 RCL a1l
125 RCL ©a
126 ¥W1TX
127 1-¥
128 "P~-Pa-
129 XEQ B3
136«+LBL 85
131 1=
12 1

123 -

i34 RCL @aZz
135 ~

16 SERT
1Z7 GTO a9
138 .END.

Calculate M
given P/Po

51

60

Display
routine

Calculate T/To

70

Calculate P/Po

80

Calculate M

given T/To

40

90

50

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | x/(K-1) 50 SIZE __ Q009 TOT. REG. 052 USER MODE
Used ENG FIX 4 ScCl ON X _OFF
(K+1) /2(R-1) or (H-1) A2 DEG x _ RAD__ GRAD
(RK_1)/2
(R-1) /2 F
05 | A/A% 55 INIT LAGS
Used # SIC SET INDICATES CLEAR INDICATES
Used 0L | C Jcalculate M calculate A/A*
Used 22 C refer to owmer's nual
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




FLOOD ROUTING AND HYDROGRAPHS

This program calculates either a unit hydrograph or a soil conservation
service hydrograph from a given peak time (time of concentration) and peak
flow. Any time interval can be selected. The program will also route

a given hydrograph through a given dam calculating an outflow hydrograph
from given storage conditions and a given outflow structure.

Equations:

Flood routing

2s 2SS
In + In+1 +'—ZEB -0= Atn+1 + 0n+1
where:
I = inflow;
S = storage;

At = time interval;

0 = outflow;

n = cycle number.

UNIT HYDROGRAPH

y = 1.45%°%7, 0.5 > x > 0

y =1.16 + In x, 0.9 > x > 0.5

y = Sin (ex_l- 90), 1.2 > x > 0.9
y =1.93 - .83 x, 1.6 > x> 1.2

y = 7.49e 103X x5 1.6



SCS HYDROGRAPH

1.7 %, 0.7 > x > 0

y =
y =1.06 + .8 1Inx, 1. > x> 0.7
y =19 - .83, 1.8> x> 1.0

y =5.7¢" 1% L5 1.8

where x = time/time of peak

and y = flow/peak flow

Notes: If a subroutine is used to calculate outflow from [ 25 + outflow vs. outf™ 7]
it must always produce flows greater than or equal to zero.

References: 1. HP-67/HP-97 USER'S LIBRARY program #01442D by Lawrence Busack

2. PENNSYLVANIA STATE UNIVERSITY, Hydrologic and Hydraulic Analysis
for Small Watersheds, PENN State University, University Park,
PA, 1974.

3. U.S. Department of Interior, Bureau of Reclamation, Design of
Small Dams, GPO, Washington, D.C., 1974,

4, U.S. Department of Agriculture, Soil Conservation Service,
National Engineering Handbook Section 4 - Hydrology, GPO,
Washington, D.C., 1972.




Example:

FLOW

TIME

A dam with a sharp crested weir spillway is located on a small stream.

The spillway is 100 feet wide and has a discharge coefficient of 3.5.

At the elevation of the spillway no water is stored. At an elevation of

2 feet above the spillway 100 acre-feet of water is stored and at an ele-
vation of 4 feet above the spillway 250 acre-feet of water is stored. A
flood which reaches a peak flow of 1400 cfs in 2.9 hours flows through

the dam. Calculate the inflow hydrograph using the SCS curve and the out-
flow hydrograph. Use a 1/4 hour time interval.

Solution:
First develop the outflow vs. %% + outflow relationship
at 2 feet elevation,
2 2
outflow = (3.5) (100) (232 [o=cum®/?]
= 989.95 cfs
3
2S | (2) (100) AC-FT) 43560 ft
3¢ toutflow = ~25 HRS AC-FT
X | ==—t——| + 989.95
3600 SEC
HR

10669.95 cfs

It

Then, calculating outflow values at each elevation and‘g§ + outflow (as above)
for 4 feet and interpolating to find intermediate values, the following ta-
ble is developed:

61



28

ELEVATION OUTFLOW it t OUTFLOW
0 0 0

1/2 123.74 2543.74
1 350.00 5190.00
11/2 642.99 7902.99
2 989.95 10669. 95
21/2 1383.50 14693.50
3 1818.65 18758.65
31/2 2291.77 22861.77
4 2800.00 27000.00

Using a curve-fitting program to yield an analytical expression for the above
table, ‘

OUTFLOW ~ 0.11 [—Z% + outflow | - 200
This equation is programmed in subroutine 09.

The hydrographs (inflow and outflow) are then calculated. The keystrokes which
follow reflect a printer in the system.

KEYSTROKES : DISPLAY:
[USER] (set USER mode)

[XEQ] [ALPHA] SIZE [ALPHA] 009

[XEQ] [ALPHA] HYDRO [ALPHA] TIME INTVL. ?
.25 [R/S] TIME, PEAK Q ?
2.90 [R/S] PEAK Q ?
1400 [R/S] A,B, OR C ?
[C] AOR B ?
[B] T=0.00
IN=0.00
T=0.25

IN=17.69




0oUT=0.00

[ ]
L]

T=1.25
IN=442.18
ouT=0.00
T=1.50
IN=636.74
0UT=86.00

etc.

(increment T)

(increment T)



User Instructions

SIZE: 009
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 |Load the program and set USER mode [USER]
2 |Initialize the program [XEQ JHYDRO TIME INTVL. 7
3 |Input: time interval; i [R/S] TIME, PEAK Q {?
time of peak flow; t peak [R/S]v PEAK Q ?
and peak flow. Q peak [R/S] A, B, OR C ?
4 |[To do flood routing, press [C] AOR B ?
5 |For a unit hydrograph, press [A] T=( )
6 |find inflow [R/S]* IN=( )
7 flood routing only, find outflow [R/S]* ouT=( )
8 |Increment T and go to step 6 [R/S]* T=( )
9 |For an SCS hydrograph, press [B] T=( )
10 |Find inflow [R/S]* IN=( )
11 |flood routing only, find outflow [R/S]=* oUT=( )
12 |Increment T and go to step 10 [R/S]* T=(C__)

NOTE: Tf an analytical expression is not

28
known for outflow as a funetiop of At +

OuthﬁlﬂLmalJLLr_Qad_fxgnLa_gr_anh

of the function and input manually at step

7 or 11. To do so, change line 112 from

XEQO9 to R/S. When the program stops,

enter a value for outflow which corresponds

28
to the value for At + outflow in the display,

and press [R/S] to continue.

*These keystrokes are unnecessary if there

is a printer in the system.




Program Listings

@leLBL "HYD
RD =8

B2 CLRG

a3 SF 21

84 CF @82

85 “"TIME IH
TVL. 72~

86 PROMPT
a7y STO 81
8eg “TIME. F
ERAK @7*
a9 PROMPT
18 STO G6
11 "PERK @
J?-l
12 PROMPT
13 STO 84
14 "A.B. OR
C ‘?Il

15 PROMPT
16+LBL R

17 11

18 5TO @88
19 GTO 11
2a+LBL B
21 12
22 STO @8
23 GTO 12
z4+LBL C
25 SF Bz
26 SF 83
27 "R OR B

28 PROMPT
29+LBL 18
39 [} I,_=lu,

31 ARCL ¥
32 AVIEMW
323 RTH
Z4eLBL 12
35 RCL B2
36 RCL 98
37 -

38 STO 083
39 .7

48 X>Y?
41 GTO @8
42 KLY
43 1

44 H>YV?
45 GTO @1

Initialize

Prompt and
store data

UNIT hydrograph

SCS hydrograph

do flood routing

Display
routine

SCS hydrograph
calculations

57 GTO B3
S58<LBL 8B0Q
59 RCL 83

63 GTO 83
64+LBL 91
65 RCL 83
66 LN

67 .8

68 *

69 1.6¢6
e +

71 1

72 KeY?
T3 KXY
74 GTO B3
7SeLBL 82
76 RCL 83
77 .83

78 *

79 CHS

g8 1.9

81 +

gz 1

83 X>¥7?
84 XY
85«LBL O3
86 RCL 94
87 *x

88 RCL @2
89 “T"

98 XEQ 1@
91 RCL 91
9z +

93 STO @z
94 XY
95 1] IN“
96 XER@ 18

increment time




Program Listings

FC? B2
GTO IND

FS?C B3
GTO 1=
RCL @5
Ry
STO 85
<+

STO 86
RCL @av
FS?C B1
RCL @5
RCL @6
-+

STO @avr
“EQ a9
2

*

ST—- 87
2

-

a8 OUT a8

XEG 18
GTO IWND

121«LBL 13

122
123
124
a8

125«LBL 11 ..

126
127
128

129

1306
131
132
133
134
135
136
137
138
139
1486
141
142
143
144

SF 81
STO 65
GTO IND

RCL B2
RCL @08
Fd -
STO 63
.5
K>Y?
GTO 64
KEY

.9
K>Y7?
GTO 65
MDY
1.2
K>Y?
GTO 86
K< PY
1.6
KIY?
GTO @7

change to_STOP
for manual input

UNIT hydrograph
calculations

145
146
147
148
149
156
151
152

RCL 3=
1.63

#

CHS
ETH
.49

4

GTO a=

153+«LBL 94

154
155
156
157
158
159

RCL a3
1.67
Y1
1.45

*

GTO @83

166+ BL 85

161
162
163
164
165

RCL 83
LK
1.16

+

GTO a3

166+ BL 8%

167
i68
1639
178
171
ire
173
174
175

RCL 83
i

EtH

9@

*»

DEG
SIH
GTO 83

176« BL 87

177
178
179
186
181
182
183

RCL 063
- 83
E
CHS
1.93
+

GTO a3z

184+ BL @9

185
186
187
188
189
1906
191
192

-11
*

200

x<{az
a
RTH
-EHD.

00

calculate out
flow peculian
to the sample
problem




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

-
DATA REGISTERS STATUS
00 [ Time, peak 50 size 909  TOT.REG. 29 USER MODE
Time increment ENG FIXx 2__ scl ON _X__OFF
Time, total DEG X RAD _—_ GRAD
T/T peak
Q peak
05 ] Qi 55 INIT FLAGS
In+Intl # SIC SET INDICATES CLEAR INDICATES
2S /At + 0,-0 0l | C |lst pass through
Pointer 02 | C |do flood routing
03 | © |lst pass through
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




NOTES



HEWLETT-PACKARD
HP-41C

USERS’ LIBRARY SOLUTIONS
Bar Codes

Fluid Dynamics and Hydraulics



FLUID DYNAMICS AND HYDRAULICS

CONDUIT FLOW. t e vt v e o tnsencsecesnssenenencnnncsnnnsoseansses 1
FLOW WITH A FREE SURFACE . ..ttt eeetsoeeacoceececeneasseeas .3
PIPE SLIDE-RULE. ...ttt tteteteeeeesenneeeeennnnssennnsnnn 5
FORCES AT BENDS AND FITTINGS. ittt eeeeenseeeeeeeenesnsnens 7
VALVE SIZING. i ietneeeneanacaeanenn c e e e s et c e e et e 8
PIPE NETWORK ANALYSIS. . ittt ieennenonennnnnnennn ceceeesas 9
RESTRICTION METERING ORIFICE CALCULATIONS. . vt eeeeennenenn 12
ENERGY EQUATION FOR STEADY FLOW. .0 eteeeeeeeoeenenneonss .14
COMPRESSIBLE FLOW IN VARIABLE AREA DUCTS....... c e e e 15
FLOOD ROUTING AND HYDROGRAPHS. ...eveeeoceoss B v
NOTICE

The program material contained herein is supplied without
representation or warranty of any kind. Hewlett-Packard
Company therefore assumes no responsibility and shall
have no liability, consequential or otherwise, of any kind
arising from the use of this program material or any part
thereof.



CONDUIT
PROGRAM REGISTERS NEEDED: 38

ROW 1 (1 -

il i)| I | | ||||I |
ROW 3 (8 — 14

ROW 4 (15 - 20

ROW 5 (21 — 24

ROW 6 (24 - 30

ROW 7 (31 — 36

ROW 8 (36 — 44 I

ROW 9 (45 — 54)

n

ROW 11 (64 — 69

ROW 12 (70 — 79

ROW 13 (80 - 88)

ROW 14 (89 — 97)

ROW 15 (98 - 110 ;
ROW 16 (111 — 122)

ROW 17 (123 — 131

ROW 18 (132 — 143)




CONDUIT

ROW 19 (144 - 154)
ROW 20 (154 — 161)
ROW 21 (161 — 164)



FLOW WITH A FREE SURFACE

PROGRAM REGISTERS NEEDED: 47

ROW 1 (1 - 2)
(i
ROW 2 (2 - 5)
WA
ROW 3 (5 - 10)
e
ROW 4 (10 — 14)

I mmm——_hnynyi
RCW 5 (14 - 17)
O 0
ROW 6 (18 - 25)
s
ROW 7 (26 - 33)
O
ROW 8 (34 - 41)
O
ROW 9 (42 - 51)
O
ROW 10 (52 - 62)
I
ROW 11 (62 - 71)
i
ROW 12 (71 - 79)
=i
ROW 13 (80 - 87)
—myn i
ROW 14 (87 - 93)
i
ROW 15 (94 - 101)

I mmmummn
ROW 16 (101 - 106)
e
ROW 17 (106 — 110)
Immmm————miyn
ROW 18 (110 - 113)
I



FLOW WITH A FREE SURFACE

ROW 19 (114 — 125)
O
ROW 20 (126 — 136)
L
ROW 21 (136 — 146)
0
ROW 22 (147 — 156)

O
ROW 23 (157 - 166)
O
ROW 24 (167 - 177)
L

ROW |25 (178 - 183)




PIPE SLI

DE-RULE HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 47 FLUID DYNAMICS/HYDRAULICS

ROW 1 (1:5)

ROW 4 (

ROW 9 (55

ROW 10

ROW 11

ROW 12

ROW 13 (

ROW 14

ROW 2 (6:

ROW 3 (12:21)

ROW 6 (35:

ROW 7 (40:4

ROW 8 (47 : 55)

1 29)

ROW 5 (29:

(63

(69

(||II|I|||||||||I||||II|||||||I|I|||||I|I|I|I|||I|III|I|||I||I||III||I|||IIII||I||||I|I||||II|I|IIII|I|||IIII|||||I|I||I|

ROW 15 (110 : 121)

o m—

ROW 17
ROW 18

ROW 16 (122 : 132)

(133 : 144)
(145 : 157)



PIPE SLIDE-RULE HEWLETT PACKARD
SOLUTION BOOK:
FLUID DYNAMICS/HYDRAULICS

ROW 19 (158 : 168)

ROW 20 (169 : 178)

ROW 21 (178 : 183)
ROW 22 (184 : 190)
ROW 23 (190 : 200)
ROW 24 (200 : 206)
ROW 25 (207 : 213)




FORCES AT BENDS AND FITTINGS

PROGRAM REGISTERS NEEDED:

17

ROW 1 (1 — 2)

O
ROW 2 (3 - 7)

O
ROW 3 (7 — 13)

O A
ROW 4 (13 — 18)
i
ROW 5 (18 — 20)

T i

ROW 6 (21 - 28)

ROW 7 (28 — 34)
A
ROW 8 (35 — 43)
LT
ROW 9 (44 - 50)
NIRRT
ROW 10 (50 - 50)

JNNCRE AR




VALVE SIZING

PROGRAM REGISTERS NEEDED: 32

ROW 1 (1 — 3)
O
ROW 2 (3 - 6)

A A
ROW 3 (7 — 14)
O O
ROW 4 (14 — 19)
O
ROW 5 (19 - 27)
e
ROW 6 (28 - 36)
i

ROW 7 (37

- 44)
ROW 8 (44 - 51)

ROW 9

51 — 58)

ROW 10

(58 — 63)
64 — 69)
ROW 12 (69 - 77)

ROW 13 (77 -

T

ROW 14 (85 - 92)

ROW 15 (93 -
ow 10




PIPE NETWORK ANALYSIS

PROGRAM REGISTERS NEEDED: 67

ROW 1 (1 - 5




10

PIPE NETWORK ANALYSIS

ROW 19 (104 - 114)

ROW 21 (125 —

28

ROW 29 (193

ROW 30 (194 -

ROW 31 (196 —

ROW 32 (205 -

ROW 33 (212 -

1

ROW 20 (114 — 124)

i

— 143

134

150

157

M

ROW 34 (221 -

ROW 35 (228 -

IOW 36 (233 -

22
23

239)

L
NI
MR
IR
TR

JANANOI

MR

(T
(T

(|

AN

TR

ORI
I

[
(i
A



PIPE NETWORK ANALYSIS

7 (239 - 239)

ROW 37 (2

11



12

RESTRICTION METERING
ORIFICE CALCULATIONS

PROGRAM REGISTERS NEEDED: 46

ROW 3 (9 -

ROW 4 (18 —

ROW 5 (26 - 31

il IIfIIlIIIIiIIIIIII T

ROW 6 (32 - 39

O

ROW 7 (40

49)
o

ROW 8 (50

- 56)
9 (56 —

ROW 10 (68 - 76)

ROW 11 (76 - 82

ROW 12

—

" || ll
ROW 14 (100

ROW 15 (110 — 120
ROW 17 (128 - 13
ROW 18 (134 — 14

ROW 13 (91 - 99)
ROW 16 (121 - 12




RESTRICTION METERING
ORIFICE CALCULATIONS

9 (143 — 152)

ROW 1
ROW 20 (153 — 160)

ROW 21 (161 — 165)

ROW 22 (165 — 177

ROW 25 (199 - 202)

ROW 24 (190 - 199

ROW 23 (178 — 189




ENERGY EQUATION FOR
STEADY FLOW
PROGRAM REGISTERS NEEDED: 25

ROW 1 (1 - 4

L NI
| I
I
L I|
L |
IR I
A [l
(T Ll




COMPRESSIBLE FLOW IN VARIABLE
AREA DUCTS
PROGRAM REGISTERS NEEDED: 36

ROW 1 (1 - 2)

ROW 2 (2 - 4

ROW 3 (5 - 13
ROW 4 (14 - 22
ROW 5 (22 - 27)
ROW 6 (27 - 29

I B
RCW 7 (29 - 40
ROW 8 (41 - 51
ROW 9 (52 - 64
ROW 10 (65 - 72
ROW 11 (73 - 7B)
ROW 12 (79 - 87
ROW 13 (88 — 93
ROW 14 (93 - 97)
ROW 15 (97 — 106)
ROW 16 (107 - 115
ROW 17 (116 - 123
ROW 18 (123 - 129




COMPRESSIBLE FLOW IN VARIABLE
AREA DUCTS

ROW 19 (130 — 138)



FLOOD ROUTING AND HYDROGRAPHS

PROGRAM REGISTERS NEEDED: 51

ROW 1 (1 - 4)

ROW 2 (4 - 5

ROW 3 (5 - 8

ROW 4 (8 - 11

ROW 5 (11 — 14
ROW 6 (14 - 20
ROW 7 (20 — 27
ROW 8 (27 - 30
ROW 9 (31 - 41
ROW 10 (41 — 49)
ROW 11 (50 - 57
ROW 12 (57 - 66
ROW 13 (67 - 74)
ROW 14 (75 - 83
ROW 15 (84 - 93
ROW 16 (94 - 99
ROW 17 (100 - 110)
ROW 18 (111 — 118)




FLOOD ROUTING AND HYDROGRAPHS

(118 —

(126 - 135)

(136 — 142)

A
R
21

O
ROW 22 (143 — 150)
i I ||||| T
ROW 23 (150 -
A
ROW 24 (157 — 163)
AN O
oW 25 (164 — 174)
A
ROW 26 (175 — 181)

i
i I||I|||||||||| i
ROW 28 (190 — 192)
A

ROW 27 (18




NOTES



NOTES



NOTES
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Hewlett-Packard Software

In terms of power and flexibility, the problem-solving potential of the HP-41 C programmable calculator is nearly
limitless. And in order to see the practical side of this potential, HP has different types of software to help save you
time and programming effort. Every one of our software solutions has been carefully selected to effectively increase
your problem-solving potential. Chances are, we already have the solutions you're looking for.

Application Pacs

To increase the versatility of your HP-41C, HP has an extensive library of “Application Pacs”. These programs
transform your HP-41C into a specialized calculator in seconds. Included in these pacs are detailed manuals with
examples, minature plug-in Application Modules, and keyboard overlays. Every Application Pac has been designed
to extend the capabilities of the HP-41C.

You can choose from:

Aviation Structural Analysis Home Management
Clinical Lab Surveying Machine Design
Circuit Analysis Securities Navigation
Financial Decisions Statistics Real Estate
Mathematics Stress Analysis Thermal and Transport Science
Games

Users’ Library

The Users’ Library provides the best programs from contributors and makes them available to you. By sub-
scribing to the HP-41C Users’ Library you'll have at your fingertips literally hundreds of different programs from
many different application areas.

* Users’ Library Solutions Books

Hewlett-Packard offers a wide selection of Solutions Books complete with user instructions, examples, and
listings. These solution books will complement our other software offerings and provide you with a valuable tool for
program solutions.

You can choose from:

Business Stat/Marketing/Sales Civil Engineering
Home Construction Estimating Heating, Ventilating & Air Conditioning
Lending, Saving and Leasing Mechanical Engineering
Real Estate Solar Engineering
Small Business Calendars
Geometry Cardiac/Pulmonary
High-Level Math Chemistry
Test Statistics Games
Antennas Optometry | (General)
Chemical Engineering Optometry 1l (Contact Lens)
Control Systems Physics
Electrical Engineering Surveying

Fluid Dynamics and Hydraulics

* Some books require additional memory modules to accomodate all programs.



FLUID DYNAMICS AND HYDRAULICS

CONDUIT FLOW

FLOW WITH A FREE SURFACE

PIPE SLIDE-RULE

FORCES AT BENDS AND FITTINGS

VALVE SIZING

PIPE NETWORK ANALYSIS

RESTRICTION METERING ORIFICE CALCULATIONS
ENERGY EQUATION FOR STEADY FLOW
COMPRESSIBLE FLOW IN VARIABLE AREA DUCTS
FLOOD ROUTING AND HYDROGRAPHS
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